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(54) Position dependent X-ray filtration 



(57) In order to obtain an X-ray tomographic image 
with high quality while minimizing the exposed dose to 
a subject by employing the most suitable filter according 
to the region of the subject to be scanned, a filter unit 6 
having filters 6a — 6c having different transmission 
properties are provided below an X-ray tube 4 in a gantry 



apparatus. To obtain an X-ray tomographic image, upon 
determining the scan region of the subject, a motor 7 is 
driven to position one of the filters corresponding to the 
scan region just below the X-ray tube 4 for employing 
the filter, and X-rays are applied to the subject through 
the filter. 
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Description 

[0001] The present invention relates to an X-ray CT 
system, gantry apparatus, console terminal, method of 
controlling them, and storage medium, for obtaining an 
X-ray tomographic image of a subject by X-ray irradia- 
tion. 

[0002] An X-ray CT (computed tomography) system 
and apparatus comprises, in a broad classification, an 
apparatus of a toroidal shape having a cavity portion 
(generally referred to as a gantry apparatus), an oper- 
ating console for supplying several types of control sig- 
nals to the gantry apparatus and reconstructing an X- 
ray tomographic image based on signals (data) ob- 
tained from the gantry apparatus for display, and a car- 
rier apparatus for supporting a subject (human subject) 
fixed within the cavity portion of the gantry apparatus 
and carrying the subject toward the cavity portion. 
[0003] The gantry apparatus comprises a rotating 
section incorporating therein an X-ray generating 
source (X-ray tube) and a detecting section provided 
across the cavity portion for detecting X-rays emitted 
from the X-ray generator. 

[0004] In performing a scan, the subject is laid on the 
carrier apparatus and conveyed toward the cavity por- 
tion of the gantry apparatus. Then, the rotating section 
of the gantry apparatus is driven to rotate and at the 
same time the X-ray tube is driven, thereby emitting X- 
rays from different directions toward the subject, and de- 
tecting X-rays having passed through the subject by the 
detecting section. The operating console receives sig- 
nals corresponding to the intensity of the transmitted X- 
rays transferred from the gantry apparatus, and arith- 
metically produces an image corresponding to the X-ray 
attenuation factors in a cross section of the subject 
based on the signals. The image reproduced is gener- 
ally referred to as an X-ray tomographic image, and the 
processing to reproduce the X-ray tomographic image 
is referred to as reconstruction of an X-ray tomographic 
image, or simply as reconstruction. Each pixel constitut- 
ing the reconstructed X-ray tomographic image is a nu- 
merical value representing the magnitude of the X-ray 
attenuation factor (or the X-ray transmission factor), 
which value is generally referred to as a CT number. 
[0005] Thus, the X-ray CT system can scan several 
regions such as the head, thorax (lungs) or abdomen of 
a subject, and is effectively used for diagnosis. 
[0006] Although in some cases an X-ray tomographic 
image can be obtained which is high in contrast and 
easy to use in diagnosis, in other cases an X-ray tomo- 
graphic image which is low in contrast and difficult to 
use in diagnosis is obtained, depending upon the meas- 
ured region of the subject. Simply stated, the contrast 
can be conveniently considered as being low when all 
the pixels constituting an X-ray tomographic image have 
almost the same CT numbers, and being high when the 
CT numbers are considerably different from one anoth- 
er. 



[0007] Low contrast is often found in X-ray tomo- 
graphic images of the head of the subject. The reason 
of this is that the head, i.e., the brain, is largely com- 
posed of white matter and gray matter, resulting in al- 
5 most identical CT numbers. On the other hand, an X- 
ray tomographic image of the abdomen has high con- 
trast, and an image which is easy to use in diagnosis 
can be easily obtained. 

[0008] The present invention was made to address 
10 such a problem, and is directed to providing an X-ray 
CT system, gantry apparatus, operating console and 
storage medium which enable an X-ray tomographic im- 
age to be obtained with high quality while minimizing the 
exposed dose to a subject by employing the most suit- 
es able filter according to the region of the subject to be 
scanned. 

[0009] In order to solve such a problem, a gantry ap- 
paratus in an X-ray CT system of the present invention 
comprises, for example, a configuration as described 
20 below. 

[0010] Specifically, there is provided a gantry appara- 
tus in an X-ray CT system equipped with a gantry rotat- 
ing section having an X-ray generating source and an 
X-ray detecting section for detecting X-rays emitted 

25 from the X-ray generating source across a cavity portion 
for positioning a subject, which gantry apparatus com- 
prises a plurality of filters having different X-ray trans- 
mission properties, and positioning means for, when 
one of the plurality of filters is selected, positioning the 

30 selected filter at a position between the X-ray generating 
source and the X-ray detecting section in the proximity 
of the X-ray generating source. 

[0011] According to a preferred embodiment of the 
present invention, the plurality of filters are provided in 

35 a single filter unit. 

[0012] Moreover, the positioning means is preferably 
means for controlling a motor for moving the filter unit. 
[0013] Moreover, the plurality of filters preferably in- 
clude a first filter for scanning the head of the subject 

40 and a second filter for scanning the abdomen, and when 
the X-ray transmission factors of the first and second 
filters are represented as F1 and F2, respectively, the 
following relationship preferably holds: 
F2 < F1 . 

45 [0014] Furthermore, the plurality of filters preferably 
further include a third filter for use in scanning the tho- 
rax, having an X-ray transmission factor of F3, and the 
following relationship holds: 
F3 < F2 < F1. 

50 [0015] Further, the thicknesses of the plurality of fil- 
ters are preferably different. 

[0016] Moreover, the gantry apparatus comprises 
means for connecting an operating console that sup- 
plies an instruction signal to the gantry apparatus and 
55 performs reconstruction processing for an X-ray tomo- 
graphic image based on data transferred from the gantry 
apparatus, and the motor control means controls the 
motor according to instruction commands from the op- 
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erating console. 

[0017] The present invention also provides a method 
of controlling a gantry apparatus. Specifically, it provides 
a method of controlling a gantry apparatus in an X-ray 
CT system equipped with a gantry rotating section hav- 
ing an X-ray generating source and an X-ray detecting 
section for detecting X-rays emitted from the X-ray gen- 
erating source across a cavity portion for positioning a 
subject, which method comprises a step of providing a 
plurality of filters having different X-ray transmission 
properties, and a positioning step of, when one of the 
plurality of filters is selected, positioning the selected fil- 
ter at a position between the X-ray generating source 
and the X-ray detecting section in the proximity of the 
X-ray generating source. 

[0018] In this method, the plurality of filters are pref- 
erably provided in a single filter unit. 
[0019] Moreover, the positioning step is preferably a 
step of controlling a motor for moving the filter unit. 
[0020] According to a preferred embodiment of the 
present invention, it is also an object thereof to provide 
an operating console connected to the above-described 
gantry apparatus. 

[0021] The operating console is connected to the 
aforementioned gantry apparatus, supplies an instruc- 
tion signal to the gantry apparatus and performs recon- 
struction processing for an X-ray tomographic image 
based on data transferred from the gantry apparatus, 
and the operating console comprises display means for 
displaying a menu for selecting a scan region of a sub- 
ject, decision means for deciding which of the plurality 
of filters is to be employed based on the selected scan 
region, and means for supplying an instruction indicat- 
ing the filter selection decided by the deciding means to 
the gantry apparatus. 

[0022] According to a preferred embodiment of the 
present invention, the operating console comprises 
storage means for storing respective correction data 
corresponding to the plurality of filters incorporated in 
the gantry apparatus, and correction means for correct- 
ing data representing the result of a scan transferred 
from the gantry apparatus using correction data corre- 
sponding to the filter decided by the deciding means, 
and reconstructs an X-ray tomographic image using da- 
ta corrected by the correction means. 
[0023] Preferably, the display means further displays 
at least one field for inputting the size of the subject, and 
the deciding means decides a filter to be employed 
based on the input subject size and scan region. 
[0024] The present invention also provides a method 
of controlling an operating console. Specifically, it pro- 
vides a method of controlling an operating console that 
supplies an instruction signal to the aforementioned 
gantry apparatus and performs reconstruction process- 
ing for an X-ray tomographic image based on data trans- 
ferred from the gantry apparatus, which method com- 
prises a display step of displaying a menu for selecting 
a scan region of a subject, a decision step of deciding 



which of the plurality of filters is to be employed based 
on the selected scan region, and a step of supplying an 
instruction indicating the filter selection decided at the 
deciding step to the gantry apparatus. 
5 [0025] Moreover, the present invention provides a 
storage medium for storing a program code for an op- 
erating console. Specifically, it provides a storage me- 
dium for storing a program code for an operating con- 
sole that supplies an instruction signal to the aforemen- 
10 tioned gantry apparatus and performs reconstruction 
processing for an X-ray tomographic image based on 
data transferred from the gantry apparatus, which stor- 
age medium stores a program code of a display step of 
displaying a menu for selecting a scan region of a sub- 
15 ject, a program code of a decision step of deciding which 
of the plurality of filters is to be employed based on the 
selected scan region, and a program code of a step of 
supplying an instruction indicating the filter selection de- 
cided at the deciding step to the gantry apparatus. 
20 [0026] Furthermore, the present invention provides 
an X-ray CT system. Specifically, it provides an X-ray 
CT system equipped with a gantry apparatus and an op- 
erating console, the gantry apparatus having an X-ray 
generating source and an X-ray detecting section for de- 
25 tecting X-rays emitted from the X-ray generating source 
across a cavity portion for positioning a subject, and the 
operating console supplying an instruction signal to the 
gantry apparatus and performing reconstruction 
processing for an X-ray tomographic image based on 
30 data transferred from the gantry apparatus, which gan- 
try apparatus comprises a plurality of filters having dif- 
ferent X-ray transmission properties, and positioning 
means for, when one of the plurality of filters is selected, 
positioning the selected filter at a position between the 
35 X-ray generating source and the X-ray detecting section 
in the proximity of the X-ray tube, and which operating 
console comprises display means for displaying X-ray 
generating source for selecting a scan region of a sub- 
ject, decision means for deciding which of the plurality 
40 of filters is to be employed based on the selected scan 
region, and means for supplying an instruction indicat- 
ing the filter selection decided by the deciding means to 
the gantry apparatus. 

[0027] Preferably, the operating console further com- 
45 prises storage means for storing respective correction 
data corresponding to the plurality of filters incorporated 
in the gantry apparatus, and correction means for cor- 
recting data representing the result of a scan transferred 
from the gantry apparatus using correction data corre- 
50 sponding to the filter decided by the deciding means, 
and the operating console reconstructs an X-ray tomo- 
graphic image using data corrected by the correction 
means. 

[0028] Moreover, the display means preferably further 
55 displays at least one field for inputting the size of the 
subject, and the deciding means decides a filter to be 
employed based on the input subject size and scan re- 
gion. 
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[0029] Moreover, the plurality of filters are preferably 
provided in a single filter unit. 

[0030] Further, the positioning means is preferably 
means for controlling a motor for moving the filter unit. 
[0031] Moreover, the plurality of filters preferably in- 
clude a first filter for scanning the head of the subject 
and a second filter for scanning the abdomen, and when 
the X-ray transmission factors of the first and second 
filters are represented as F1 and F2, respectively, the 
following relationship holds: 
F2 < F1. 

[0032] Moreover, the plurality of filters preferably fur- 
ther include a third filter for use in scanning the thorax, 
having an X-ray transmission factor of F3, and the fol- 
lowing relationship holds: 
F3 < F2 < F1 . 

[0033] Moreover, the thicknesses of the plurality of fil- 
ters are preferably different. 

[0034] Moreover, the display means preferably further 
displays at least one field for inputting the size of the 
subject, and the deciding means decides a filter to be 
employed based on the input subject size and scan re- 
gion. 

[0035] According to the present invention as de- 
scribed above, an X-ray tomographic image can be ob- 
tained with high quality while minimizing the exposed 
dose to a subject by employing the most suitable filter 
according to the region of the subject to be scanned. 
[0036] Further objects and advantages of the present 
invention will be apparent from the following description 
of the preferred embodiments of the invention as illus- 
trated in the accompanying drawings, in which: 

Fig. 1 is a configuration diagram of an X-ray CT sys- 
tem in one embodiment. 

Fig. 2 is a diagram illustrating the properties of filters 
used in the embodiment. 

Fig. 3 is a perspective view illustrating the structure 
around a filter unit in the embodiment. 

Fig. 4 is a view illustrating an example of a meas- 
ured region selection screen in the embodiment. 

Fig. 5 is a flow chart illustrating a processing proce- 
dure running on an operating console in the embod- 
iment. 

Fig. 6 is a view illustrating another example of the 
measured region selection screen in a second em- 
bodiment. 

Fig. 7 is a diagram illustrating a filter selection table 
in the second embodiment. 

[0037] Embodiments of the present invention will now 
be described in detail with reference to the accompany- 



ing drawings. 

[0038] Fig. 1 is a block configuration diagram of an X- 
ray CT system in one embodiment. As shown, the sys- 
tem is comprised of a gantry apparatus 1 00 for irradiat- 
5 ing a subject with X-rays and detecting X-rays having 
passed through the subject, and an operating console 
200 for performing several kinds of operating settings 
for the gantry apparatus 1 00, and reconstructing an X- 
ray tomographic image based on data output from the 
gantry apparatus 1 00 for display. 
[0039] The gantry apparatus 100 comprises a main 
controller 1 for controlling the entire apparatus 1 00, and 
the following components. 

[0040] Reference numeral 2 designates an interface 
for communicating with the operating console 200, and 
3 designates a planar annular gantry having a cavity 
portion for carrying a subject (human subject) laid on a 
table 14 (in a direction perpendicular to the drawing's 
plane, which will be referred to as a Z-axis or a body 
axis hereinbelow). Reference numeral 4 designates an 
X-ray tube which is an X-ray generating source, and the 
X-ray tube 4 is driven and controlled by an X-ray tube 
controller 5. Reference numeral 6 designates a filter 
unit, which characterizes the present invention, and the 
filter unit 6 supports at least two types of filters which 
can be switched as desired in this embodiment. The par- 
ticulars of the structure of the filter unit 6 and the filters 
supported thereon will be described in detail later. Ref- 
erence numeral 7 designates a motor for switching be- 
tween the filters of the filter unit 6, and 8 designates a 
filter controller for driving and controlling the motor 7. 
[0041] Reference numeral 9 designates a filter (made 
of a material such as Teflon) in a shape having a thin 
central portion and thick end portions in order to reduce 
the X-ray attenuation at the central portion and enhance 
the X-ray attenuation at the end portions, which is gen- 
erally known and referred to as a bow-tie filter. Refer- 
ence numeral 10 designates a collimator having a slit 
for defining a range of X-ray irradiation. Reference nu- 
meral 1 2 designates a rotary motor for rotating the gan- 
try 3, and 13 designates a motor controller for driving 
the rotary motor 12. Reference numeral 14 designates 
a table for resting the subject, 15 a table motor for car- 
rying the table 1 4 in the Z-axis direction, and 1 6 a table 
motor controller for driving and controlling the table mo- 
tor 15. 

[0042] Reference numeral 1 7 designates an X-ray de- 
tecting section for detecting X-rays having passed 
through the subject, comprised of a detecting array in 
which about 1,000 X-ray detecting elements are ar- 
ranged in a row. Some X-ray CT systems have a plurality 
of such detecting arrays. Such systems are called multi- 
slice X-ray CT systems. For brevity of description, the 
present invention will be described with reference to a 
single-slice X-ray CT system having only one detecting 
array, but it will be easily recognized that the present 
invention also applies to multi-slice X-ray CT systems. 
[0043] Reference numeral 1 8 designates a data col- 
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lecting section for collecting data obtained by the X-ray 
detecting section 1 7 and converting the data into digital 
data. 

[0044] The operating console 200 is constituted by a 
"workstation," which comprises a CPU 51 for controlling 
the entire apparatus, a ROM 52 storing a boot program 
and BIOS, and a RAM 53 that serves as a main storage 
device, as shown, and the following components. 
[0045] An HDD 54 is a hard disk device, which stores 
an OS, and a diagnosis program for supplying several 
kinds of instructions to the gantry apparatus 1 00 and re- 
constructing an X-ray tomographic image based on data 
received from the gantry apparatus 100. In addition, it 
stores correction data 54a — 54c as shown (which will 
be described in detail later). A VRAM 55 is a memory 
for developing image data to be displayed, and the im- 
age data can be displayed on a CRT 56 by developing 
the image data and the like there. Reference numerals 
57 and 58 designate a keyboard and a mouse, respec- 
tively, for performing several kinds of settings. Refer- 
ence numeral 59 designates an interface for communi- 
cating with the gantry apparatus 100. 
[0046] In performing a scan, and in the aforemen- 
tioned configuration, an operator (technician or physi- 
cian) operates the operating console to specify a region 
to be scanned in the subject, and thereafter prescribes 
a scan schedule in detail. Then, the operator gives a 
scan start instruction. A program running on the operat- 
ing console in turn issues several control commands to 
the gantry apparatus 100 (main controller 1) according 
to the prescribed scan schedule. The main controller 1 
on the gantry apparatus 100 supplies control signals to 
the X-ray tube controller 5, filter controller 8, collimator 
controller 11, motor controller 13 and table motor con- 
troller 1 6 according to the control instruction commands. 
Consequently, X-rays generated at the X-ray tube 4 and 
having passed through the subject can be detected by 
the X-ray detecting section 17, and the digital data of 
the X-rays can be obtained from the data collecting sec- 
tion 18. The main controller 1 transfers the data to the 
operating console 200 via the interface 2. Since the gan- 
try 3 is rotated by the rotary motor 12 and the table 14 
is also carried along the Z-axis, digital data of transmit- 
ted X-rays at different rotation angles and different Z- 
axis positions are sequentially transferred to the oper- 
ating console 200. 

[0047] One scanning technique which involves stop- 
ping the table 14 and fixing the table 14 at a certain Z- 
axis position, rotating the gantry 3 one time in this con- 
dition, and then carrying the table 14 to a next scan po- 
sition and rotating the gantry 3 again, is called an axial 
scan; and another scanning technique which involves 
simultaneously rotating the gantry 3 and carrying the ta- 
ble 14 is called a helical scan. Either of the scanning 
techniques may be employed. 

[0048] The program running on the operating console 
200 then performs processing to reconstruct an X-ray 
tomographic image by a known processing method 



based on the received data, and sequentially displays 
the results on the CRT 56. 

« Description of the filter unit» 

5 

[0049] X-rays generated from the X-ray tube 4 have 
a continuous spectral distribution, rather than a specific 
wavelength of X-rays (line spectrum). The lower-energy 
(longer-wavelength) X-rays in those X-rays tend to be 

10 absorbed by the subject, while the higher-energy (short- 
er-wavelength) X-rays tend to be transmitted. That is, 
when X-rays having a continuous spectrum are applied 
to the subject, there is a tendency for only the high-en- 
ergy X-rays to be transmitted through the subject. This 

15 phenomenon is generally referred to as the beam-hard- 
ening effect of X-rays. 

[0050] Since the X-rays transmitted through the sub- 
ject are high-energy X-rays, it is desired that no low-en- 
ergy X-rays be applied to the subject from the beginning. 
20 [0051 ] Therefore, it has been made mandatory to pro- 
vide a filter having a thickness of at least 2.5 mm in alu- 
minum equivalent between the X-ray tube and the sub- 
ject, rather than directly applying the X-rays generated 
from the X-ray tube 4. By passing the X-rays through a 
25 filter having such a property, lower-energy X-rays can 
be attenuated by the filter, thereby preventing the sub- 
ject from being exposed to unnecessary radiation. 
[0052] However, there is room for further improve- 
ment on this technique in which a scan is performed us- 
30 ing only one filter having a thickness of 2.5 mm in alu- 
minum equivalent. The reason of this is as follows. 
[0053] As described earlier, when X-rays having a 
continuous spectrum are applied to the subject, lower- 
energy X-rays are absorbed by the subject in a larger 
35 proportion. Since the abdomen of the subject is the re- 
gion having the largest cross section, X-rays that reach 
the X-ray detecting section 1 7 mostly have a high ener- 
gy in scanning such a region. Thus, when a scan is per- 
formed on the abdomen, the beam-hardening effect is 
40 most prominent. Therefore, a filter having a thickness of 
more than 2.5 mm in aluminum equivalent may safely 
be used in scanning the abdomen. 
[0054] On the other hand, the head of the subject has 
a smaller cross section than the abdomen, resulting in 
45 a smaller beam-hardening effect. Moreover, since the 
brain is largely composed of white matter and gray mat- 
ter and, in addition, the difference in CT value between 
them is small, it is difficult to reconstruct an X-ray tom- 
ographic image having a sufficient contrast. 
50 [0055] To enhance the contrast of an X-ray tomo- 
graphic image, it is necessary to make more X-rays 
reach the X-ray detecting section 17, and to increase 
the S/N ratio. 

[0056] Therefore, in scanning the head of the subject, 
55 it is desired that a thinner filter (but not less than 2.5 mm 
in aluminum equivalent) than that used in scanning the 
abdomen be used. 

[0057] In scanning the thorax, since the lungs are hol- 
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low and the contrast that depends upon the existence 
of the subject's tissue is high from the start, an X-ray 
tomographic image can be reconstructed with a suffi- 
ciently high quality using only high-energy X-rays. 
Therefore, for a filter employed in scanning the thorax, 
a thicker filter (a filter having a higher attenuation factor) 
than for the abdomen can be used, thereby cutting low- 
energy X-rays applied to the subject to prevent unnec- 
essary radiation exposure. 

[0058] In summary, when the thicknesses of filters 
used in scanning the head, abdomen and thorax are 
represented as Ta, Tb and Tc, in aluminum equivalent, 
the following relationship holds: 

2.5 mm < Ta < Tb < Tc. 
[0059] Consequently, a scan for obtaining signals 
having a sufficient S/N ratio can be performed according 
to the scan region, and yet the exposure to the subject 
can be decreased to the minimum required amount. 
[0060] The filter thicknesses for particular regions are 
desirably as follows: 

the filter thickness Ta for the head: 2.5 — 3.5 mm 
in aluminum equivalent, 

the filter thickness Tb for the abdomen: 6.0 — 8.0 
mm in aluminum equivalent, and 

the filter thickness Tc for the thorax: 10.0 — 12.0 
mm in aluminum equivalent. 

[0061] Although aluminum is taken as a standard 
here, if copper is to be used, the thickness may be 0.2 
mm for the abdomen and 0.25 mm for the thorax, for 
example. 

[0062] Fig. 2 illustrates an X-ray transmission spec- 
trum distribution in using these filters. It will be recog- 
nized that the spectrum of transmitted X-rays is shifted 
toward higher energy with the increasing filter thickness, 
although the amount of transmitted X-rays tends to de- 
crease. 

[0063] Fig. 3 is a perspective view of the configuration 
around the filter unit 6 in the present embodiment. As 
shown, the filter unit 6 supports three filters 6a, 6b and 
6c (having respective thicknesses of Ta, Tb and Tc) pro- 
vided slidably in the subject-carrying direction (Z-axis). 
The filter unit 6 is provided on its side with teeth 30, with 
which a gear 31 secured to a driving spindle of the motor 
7 engages, as shown. The gear 31 is rotated by driving 
the motor 7, so that the position of the filter unit 6 can 
be changed freely along arrow A (Z-axis) in the drawing. 
[0064] Reference numeral 32 designates a sensor 
comprising a light-emitting element 33 and a light-re- 
ceiving element 34 at the illustrated positions. When the 
gantry apparatus 100 is activated, the main controller 1 
supplies a drive control signal for the motor 7 to the filter 
unit controller 8 to move the filter unit 6, and determines 
a home position of the filter unit 6 as the point where the 
light-receiving element 34 changes from a state incapa- 



ble of detecting a light from the light-emitting element 
33 into a state capable of detecting the light (or vice ver- 
sa). By counting the number of pulses supplied to the 
motor 7 starting with the home position, the position of 
5 the filter unit 6 is identified. Thus, a desired one of the 
filters 6a — 6c can be positioned just below the X-ray 
tube 4. 

[0065] After the initialization processing for the acti- 
vation as described above, the main controller 1 selects 

10 the most suitable filter by issuing a control command to 
the filter controller 8 according to an instruction com- 
mand from the operating console 200. For example, 
when a selection command that means the filter 6c is to 
be employed is received from the operating console 

15 200, a shift amount with respect to the current position 
is calculated, and a control signal corresponding to the 
amount is supplied to the motor controller 8 to enable a 
scan employing the filter 6c. 

20 «Control of a scan» 

[0066] Fig. 4 illustrates a start menu for scan sched- 
uling displayed on the CRT 56 of the operating console 
200. 

25 [0067] As shown, a model image is displayed on the 
left of the screen, and logical buttons 40 — 42 are dis- 
played on the right for determining the region to be 
scanned. The selection of one of the buttons is achieved 
by moving a cursor 43 linked to the mouse 58 to a de- 
30 sired button and clicking a button on the mouse 58. 
[0068] Upon clicking any one of the buttons 42 — 44, 
the CPU 51 outputs a filter selection command corre- 
sponding to the selected region to the gantry apparatus 
100 via the interface 59. Thereafter, the main controller 
35 1 in the gantry apparatus 100 interprets the received 
command, and issues a control command to the filter 
controller 8 based on the received command, as de- 
scribed earlier. 

[0069] Then, a detailed scan schedule for the select- 
40 ed region will be specified on the operating console 200. 
However, since this process has no direct relation with 
the present invention and is a known procedure, a de- 
tailed description will be omitted. 
[0070] Since the filters 6a — 6c have different trans- 
45 mission properties (or attenuation properties), as shown 
in Fig. 2, the electric signal output from the X-ray detect- 
ing section 17 is naturally one affected by filter em- 
ployed. Specifically, even if the same region of the sub- 
ject is scanned, the signal obtained employing the filter 
50 6a is different from the signal obtained employing the 
filter 6b. 

[0071] Therefore, the operating console 200 is re- 
quired to perform reconstruction processing for an X-ray 
tomographic image suited to the filter employed during 
55 the scan by the gantry apparatus 100. Therefore, re- 
spective correction data corresponding to the filters 6a 
— 6c to be employed are stored in the HDD 54 of the 
operating console 200. When the region to be measured 



25 



30 



35 



40 



45 



50 



6 



11 



EP 1 192 901 A1 



12 



has been determined, the appropriate correction data 
selected from among the correction data 54a — 54c is 
used to correct data transferred from the gantry appa- 
ratus 1 00, and thereafter, the reconstruction processing 
for an X-ray tomographic image is performed. It should 
be noted that the correction data 54a — 54c also take 
the properties of the bow-tie filter 9 into account. 
[0072] In summary, the CPU 51 of the operating con- 
sole 200 is operated according to the flow chart shown 
in Fig. 5. This program is previously stored in the HDD 
54, and is loaded into the RAM 53 for execution. 
[0073] First, at Step S1, the scan region selection 
screen is displayed as shown in Fig. 4, and the operator 
(technician or physician) is prompted to select which re- 
gion is to be scanned. After the selection, a decision is 
made on which region was selected at Step S2. 
[0074] If the head was selected as the scanned ob- 
ject, the process goes to Step S3 and an instruction 
command for the filter 6a selection is issued to the gan- 
try apparatus 1 00 to employ the filter 6a. Then, the gan- 
try apparatus 1 00 controls the movement of the filter unit 
6 as described earlier, positions the specified filter just 
below the X-ray tube 4 and fixes the filter at that position. 
Then, the process goes to Step S4 to select the correc- 
tion data 54a for the filter 6a and reads the data 54a out 
to a predefined region in the RAM 53. 
[0075] If the thorax was selected as the scanned ob- 
ject, an instruction command for the filter 6c selection is 
issued at Step S5, the correction data 54c for the filter 
6c is selected at Step S6, and the data 54c is read out 
to a predefined region in the RAM 53. 
[0076] If the abdomen was selected as the scanned 
object, an instruction command for the filter 6b selection 
is issued at Step S7, the correction data 54b for the filter 
6b is selected at Step S8, and the data 54b is read out 
to a predefined region in the RAM 53. 
[0077] In any case, the process goes to Step S9, and 
a detailed scan schedule is prescribed for the selected 
scan region. The prescription includes, for example, 
items about the range of the carrying direction to be 
scanned (from which position to which position), about 
which interval is to be selected for reconstructed X-ray 
tomographic images, and the like. These items are 
known and a description thereof will be omitted. 
[0078] Then, at Step S10, when the operator orders 
a scan to be started, processing are carried out to trans- 
fer several kinds of control commands to the gantry ap- 
paratus 100 according to the scan schedule, and to 
cause the gantry apparatus 100 to control the driving 
operations of the motor controller 13, table motor con- 
troller 16 and X-ray tube controller 5 according to the 
supplied commands, and to transfer X-ray transmission 
data collected by the data collecting section 18 (data 
from all the channels in the X-ray detecting section 17) 
to the operating console. 

[0079] The operating console 200 receives the data 
transferred from the gantry apparatus 1 00 at Step S1 1 . 
The process then goes to Step S12, and the correction 



data previously read out to the RAM 53 is used to per- 
form correction processing on the received data. Then, 
at Step S13, known processing for reconstruction of an 
X-ray tomographic image is executed, and processing 
5 for outputting the image (display processing etc.) is ex- 
ecuted at Step S14. 

[0080] According to the present embodiment as de- 
scribed above, by employing the most suitable filter cor- 
responding to the region to be measured in a subject, 
10 the subject is only exposed to the minimum required ra- 
diation and the quality of the reconstructed X-ray tomo- 
graphic image can be improved. 

«Second embodiment 

15 

[0081] Although the filter to be employed is deter- 
mined according to the region to be measured in the 
former embodiment, the size of subjects widely varies. 
Especially, the cross-sectional area of the abdomen is 
20 different among individuals. For example, a scan of the 
abdomen of a large person exhibits a more prominent 
hardening effect than that of a thin person. The same is 
true for an adult and a child. 

[0082] Therefore, in this second embodiment, the pa- 
25 rameters for determining the filter to be employed addi- 
tionally include the size of the subject, as well as the 
region to be measured. It should be noted that the 
number of types of filters should be increased as com- 
pared with the first embodiment because the size of the 
30 subject is additionally considered. 

[0083] Fig. 6 shows a measured region selection 
screen in accordance with the second embodiment. As 
shown, fields 60 and 61 are provided for inputting the 
height and weight as the size of a subject. 
35 [0084] If the size of a subject is assumed to be clas- 
sified into, for example, three grades: large, medium and 
small, since the number of the measured region is also 
three, nine filters at maximum may be needed. Assume 
that the filters are represented as f1 , f2, f9. 
40 [0085] The operator first inputs the height and weight 
of a subject to be scanned, and then performs the op- 
eration to select the region to be measured. Conse- 
quently, an appropriate filter is determined from among 
the filters f1, f2, f9, and an instruction command for 
45 the filter selection is sent to the gantry apparatus 100. 
It will be easily recognized that the HDD 54 on the op- 
erating console 200 is provided with the same number 
of correction data sets as the number of filters. 
[0086] In determining the filter to be employed, a table 
50 as exemplarily shown in Fig. 7 may be stored in the HDD 
54 to select the filter with reference thereto. 
[0087] As a result, since the filter to be employed can 
be determined additionally considering the size of the 
subject, the exposed dose to the subject is further re- 
55 duced, and an X-ray tomographic image can be recon- 
structed with high accuracy. 

[0088] It should be noted that although only one ex- 
ample is described of the switching structure of the filter 
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unit of the gantry apparatus 1 00 for the first and second 
embodiments, other structures may be contemplated. 
The point is that it should be possible to perform a scan 
employing a desired filter from among filters having dif- 
ferent transmission properties. 

[0089] Moreover, although the regions to be scanned 
have been described as three regions: the head, thorax 
and abdomen in the above embodiments, the minimum 
requirement is two regions: the head and abdomen. 
Moreover, the regions to be measured may include four 
regions or more for fine definition. 
[0090] Moreover, although the filter in the embodi- 
ments is described as being made of aluminum, there 
is no limitation on the material. The point is that filters 
having transmission properties like those shown in Fig. 
2 should be used, and other materials such as copper 
or the like may be employed. 

[0091] Furthermore, the present invention is not lim- 
ited to the apparatuses and methods for implementing 
the aforementioned embodiments, but the scope of the 
present invention includes the case in which the afore- 
mentioned embodiments are achieved by a software 
program code supplied to a computer (CPU or MPU) in 
the aforementioned system or apparatus, and the com- 
puter of the system or apparatus operates the several 
devices according to the program code. 
[0092] In this case, the software program code per se 
is regarded as achieving the functions of the embodi- 
ments. Therefore, the program code perse, and means, 
particularly, a storage medium storing the program 
code, for supplying the program code to the computer 
are contained within the scope of the present invention. 
[0093] For the storage medium for storing such a pro- 
gram code, a floppy disk, hard disk, optical disk, mag- 
neto-optical disk, CD-ROM, magnetic tape, non-volatile 
memory card, ROM or the like may be employed, for 
example. Furthermore, the program code may be down- 
loaded via a medium that is a network (e.g., the Inter- 
net). 



Claims 

1 . A gantry apparatus in an X-ray CT system equipped 
with a gantry rotating section having an X-ray gen- 
erating source and an X-ray detecting section for 
detecting X-rays emitted from said X-ray generating 
source across a cavity portion for positioning a sub- 
ject, which gantry apparatus comprises a plurality 
of filters having different X-ray transmission proper- 
ties, and positioning means for, when one of said 
plurality of filters is selected, positioning the select- 
ed filter at a position between said X-ray generating 
source and said X-ray detecting section in the prox- 
imity of said X-ray generating source. 

2. The gantry apparatus as defined by claim 1 , where- 
in said plurality of filters include a first filter for scan- 



ning the head of the subject and a second filter for 
scanning the abdomen, and when the X-ray trans- 
mission factors of the first and second filters are rep- 
resented as F1 and F2, respectively, a relationship 
5 F2 < F1 holds. 

3. A method of controlling a gantry apparatus in an X- 
ray CT system equipped with a gantry rotating sec- 
tion having an X-ray generating source and an X- 

10 ray detecting section for detecting X-rays emitted 
from said X-ray generating source across a cavity 
portion for positioning a subject, which method 
comprises a step of providing a plurality of filters 
having different X-ray transmission properties, and 

15 a positioning step of, when one of said plurality of 
filters is selected, positioning the selected filter at a 
position between said X-ray generating source and 
said X-ray detecting section in the proximity of said 
X-ray generating source. 

20 

4. An operating console in an X-ray CT system con- 
nected to the gantry apparatus as defined by claim 
1 for supplying an instruction signal to said gantry 
apparatus and performing reconstruction process- 
es ing for an X-ray tomographic image based on data 

transferred from said gantry apparatus, which op- 
erating console comprises display means for dis- 
playing a menu for selecting a scan region of a sub- 
ject, decision means for deciding which of said plu- 
30 rality of filters is to be employed based on the se- 
lected scan region, and means for supplying an in- 
struction indicating the filter selection decided by 
said deciding means to said gantry apparatus. 

35 5. A method of controlling an operating console that 
supplies an instruction signal to the gantry appara- 
tus as defined by claim 1 and performs reconstruc- 
tion processing for an X-ray tomographic image 
based on data transferred from said gantry appara- 
40 tus, which method comprises a display step of dis- 
playing a menu for selecting a scan region of a sub- 
ject, a decision step of deciding which of said plu- 
rality of filters is to be employed based on the se- 
lected scan region, and a step of supplying an in- 
45 struction indicating the filter selection decided at 
said deciding step to said gantry apparatus. 

6. A storage medium for storing a program code for an 
operating console that supplies an instruction signal 

50 to the gantry apparatus as defined by claim 1 and 
performs reconstruction processing for an X-ray to- 
mographic image based on data transferred from 
said gantry apparatus, which storage medium 
stores a program code of a display step of display- 

55 jng a menu for selecting a scan region of a subject, 
a program code of a decision step of deciding which 
of said plurality of filters is to be employed based 
on the selected scan region, and a program code 
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of a step of supplying an instruction indicating the 
filter selection decided at said deciding step to said 
gantry apparatus. 

7. An X-ray CT system equipped with a gantry appa- 5 
ratus and an operating console, said gantry appa- 
ratus having an X-ray generating source and an X- 
ray detecting section for detecting X-rays emitted 
from said X-ray generating source across a cavity 
portion for positioning a subject, said operating con- 10 
sole supplying an instruction signal to said gantry 
apparatus and performing reconstruction process- 
ing for an X-ray tomographic image based on data 
transferred from said gantry apparatus, which gan- 
try apparatus comprises a plurality of filters having 15 
different X-ray transmission properties, and posi- 
tioning means for, when one of said plurality of filters 

is selected, positioning the selected filter at a posi- 
tion between said X-ray generating source and said 
X-ray detecting section in the proximity of said X- 20 
ray generating source, and which operating console 
comprises display means for displaying a menu for 
selecting a scan region of asubject, decision means 
for deciding which of said plurality of filters is to be 
employed based on the selected scan region, and 25 
means for supplying an instruction indicating the fil- 
ter selection decided by said deciding means to said 
gantry apparatus. 

8. The X-ray CT system as defined by claim 7, wherein 30 
said operating console further comprises storage 
means for storing respective correction data corre- 
sponding to the plurality of filters incorporated in 
said gantry apparatus, and correction means for 
correcting data representing the result of a scan 35 
transferred from said gantry apparatus using cor- 
rection data corresponding to the filter decided by 
said deciding means, and said operating console 
reconstructs an X-ray tomographic image using da- 
ta corrected by said correction means. 40 

9. The X-ray CT system as defined by claim 7, wherein 
said display means further displays at least one field 
for inputting the size of the subject, and said decid- 
ing means decides a filter to be employed based on 45 
the input subject size and scan region. 

10. The X-ray CT system as defined by claim 7, wherein 
said plurality of filters include a first filter for scan- 
ning the head of the subject and a second filter for 50 
scanning the abdomen, and when the X-ray trans- 
mission factors of the first and second filters are rep- 
resented as F1 and F2, respectively, a relationship 

F2 < F1 holds. 
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FIG. 3A 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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